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i7 ABSTRACT 

I_ 
Project Rulison, h d e r g r o u n d  nuclear detonation designed far 

,-.. 

the stimulation of natural gas f-e$ervoirs, was detonated on 10 September 
/f--\ 

. . 
i- -4 

1969. When flaring of the, natural g+--is begun the major isotope to be 
\ '. 

3 
'.- - 

released will be tritium ( H). C 

g. \ -.- 
L 

Several questions have been addr *J concerning the biology 
T.2 

and physics of tritium. The general conclusions a r e  that ordinary 
j : 

absorbed dose calculations based on energy unifbrmly distributed 
L -l 

c=l 
throughout a volume a r e  sufficient to describe o b s w e d  effects. No 

--A 
, I 

special mechanisms need to be considered in o r d k  to ccovnt for the n 
degree of the effect observed.. Also, organic mo lecu l9  and especially 

3 1 _1 

deoyribonusleic acid (DNA) have H- W rat ios ts~entiai-e same a s  
' 1 
I L-. 

that of the body water when animals are constantly e x p o w e  3 ~ .  It -- 
\ 

appears there is no increase in the incorporation of tritium intb DNA a s  
- d' 8 .--./ 

a result  of the ingestion of tritiated DNA by ascending trophic levels 
.) 

& S C I I I Y E :  

The concentration of =H in the environment seems to be the controlling 

factor. 



Dose estimates to the surrounding population f rom both inhalation . 
- i-l 

and f86d i$ain pathways have a l so  been made f rom source terms predicted 

operation. F r o m  these dose estimates r i sk  

death, leukemia, . . r a n c e r  and non- apecific life- 

/' --,\ ' shortening have bi&n made for the 1000 persons within 15 miles of 
/ .  

-.d 
the Rulison site. 

T1 i I 

The total d e t r i d d n ~ t o  the f i rs t  generation (genetic death plus 
L A  

non-specific life-shortening) jbdne uses the maximum estimated dose 
' 1  L '  *-. , 
r---. \ 

via the food chain of 30 mre& (a 'dosr  which. could easily be reduced 
: <-- - 
t Y .- -2 

by employing appropriate precautiojls) is  2 .6  x 10 lives lost per 1000 - : - = 
\ .-- 

I 
per  sons. In the interest  of public safetyixk*se source terms,  dose 

%<: 

1 
estimates and r i sk  calculations have beehM'ade in a very conservative 

fashion such that upper limit r i sks  a r e  reported. 
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PREFACE 

I T4 following analysis of the radiological hazards of Project /J 
Rulison was R 8 t a k . n  a t  the request of the Nevada Operations Office 

of the U. S. Commission. . ' 
. 

terms.for much of the analysis were  

supplied by the ~nvi roh-knta l  sciences Service Administration, Air 

/ I 
Resources Laboratory,. hkENegas. The total radionuclide inventory - 

lP. i 

was supplied by the Los Alam$g~Scientific Laboratory. 

The analysis which we have d o h ,  i s  not complete in that we have 
, -- -- _. -. 

not considered a l l  possible routes of  of radionuclides to man. 
, 

Other groups have been requested, to perfQ*analyses in addition to 
-'---. . 

qdj 
those considered here. Questions relatingTo hd ro logy  have been 

i ,  
I ? ! 

investigated by the U.S. Geological Survey andjlsotopes, Inc. Hazards 
'2 

via some food chain routes not considered in the ' f i e n t  analysis have P ,4 
i I 

been evaluated by the Battelle Memorial 1nstitute;ecol Wnbus* Many 
additional evaluations have a lso  been performed by th  . S. Public v 
Health Service Southwestern Radiological Health ~ a b o r n w n d  ..- the 

I 6 7  -- - 
Nevada Operations Office. L.2 

7 

i p. -, 
I t  should be understood that the following analysis is  t h k ~ e f a r e  not 

! -/,i 
L-- 

a complete analysis of a l l  radiological hazards, nor was it intended to be. 

Several specific questions a r e  addressed in  the following analysis; t 3 0 ~  - ~ c H ~ ~ ~ ~  

.absence of other considerations should not be construed a s  meaning that 

we felt  them to be unimportant, but that they were  being considered in 

detail by others. 
. . 



A. Introduction 

*rdject Ruliioon, the second experiment in the stimulation of natural  
l l  i i  
\ i -2.' 

gas r e s e d i r s  by nuclear explosives, was detonated on 10 September 1969. 
m. - 
1 h i  

It is presentld'plahned2' io rc-enter the cavity six months postshot and 
, '  3 t_! .; . - 

, to begin flow testing",t<determine the cavity volume produced by the 
! .  

-. . 
t 1 

explosive and the ratcat which natural gas will flow f rom the "stimulated" 
,-- 
2 I 

reservoir .  During the flow tes ts ,  the natural  gas produced will be flared ' f 

and consequently tr i t ium i n t h e  farm of water vapor (HTO) will be released 
' A  \ 
, ' I  

i -- 
t o  the environment. ; ,--- . 

!-i -. > 

The purpose of this paper i s  to examine the off-site radiological 

hazards ~ r s 5 r i ? f e d  \v5*.h the P.cllccn re-cr,tr.- zzi? tcstizg cpcr;tions. ?. BEST COPY A l ' A J L U L ~  
Major attention will  be devoted to tr i t ium since it  i s  considered to be the . .- 

\.-,' 

major  potential source of radiation exposure. The validity of the maximum 

4 
permissible concentration (MPC) or radioactivity concentration guidance ----. 

t --- 
(RCG)" concept as i t  pertains to tr i t ium will be d z u s s e d  as will the 

-- 
po ssibfe dangers and pitfalls in applying the RCG value6 to the general 

public if possibilities exist  that food sources will  a l so  &c contaminated. 
r--- 7 

I ,-- 
Est imates  will be derived for  the maximum credible d o s e & - ~ .  the population 

'_ -_ 7 
" , 

at r isk ,  and these will be used to  estimate the maximum biologi-1. 
1 ,  ' 

consequences that could ensue. 

11. Problems Peculiar  to the Biology and Physics of Tr i t ium 

i Several  factore have been discussed concerning the hazards of 

t r i t ium relating both to i t s  biology and decay characteristics.  These 
8)=  



questions, which will be addressed below, may be summarized by the 
- 1- 

i 
l o l l o y ~ g ~  11) Tritium (as tritiated water) is  known to label organic I 

i 
i 

s the ICRP assumes i t  is  distributed throughout 

the MPC level. therefore be reduced? 2) Tri t ium . - 
can be i n c o r p o r a t 4 a o  organic molecyles where it turns over slowly 

y u  
compared to body d r j m i g h t  not models based solely on water turnober 

I $  

rates in aquatic ecosys&kns, for  example, seriously underestimate the 
b -__I 

ultimate exposure to m a n  who ~ u l d  ingest tritium labelled organic F iL 
f "-' 'i 

molecules? 3) Tritium deem* erriission of -a very low energy beta 
m /-' 

, . 
' i  

particle, and i t  has been suggestedkt6a,t ordinary dose calculations based 
<- 

on er.crgy unifcr,r,ly dls:rl?;u:cd : l i ~ u l i g : ~ ~ i G + ~ ~ i ~ i i i i  i t .  - n u y  not adequately 
\ --. -.* . . t BEST COPY AV,hiL,\dLb 

reflect the true damage observed, espec<w' i f  tritium is  incorporated 
, - 

into DNA and other nuclear components, and 4)\ Does tritium, if i t  i s  
I .  

incorporated into deoxyribonucleic acid (DNA) ,-a4sszaus -a e additional 
- -- 

damage by transmutation of the DNA itself when t h d r i t i u m  decays? - - 
The first question baa been raised recently bylkvans, ' who 

! 
1 t 

analyzed the tritium content of lyophilization water an& c o g u s t i o n  water 
-d 

f rom seven t i a~uca  of 52 deer  killed on the Savannah ~i?e;+lant - - Site. 
---.- 

His results indicated that the combustion water and f ree  waterftktained 

the same tritium concentration.. H e  interpreted hi. results  &inning 
DOE m ~ l ~ ~ ~  - 

that the sustained exposure to  tritiated body water would result  a t  

/. equilibrium in the labelling of a l l  organic molecules equal to that of the 
t 
\ 



body water on a per  gram hydrogen basis. He therefore concluded that 
;-. 1 1  

the b& 4tj~rden due to chronic exposure to tritiated water would be 1.4 

t o  1.5 times-higher than that predicted by the International Commission 
. 1 :..,;\, { 1 . , I  

on ~ a d i o l o ~ i q a i  L A  --J '2botection (1CRP) model. .. - 
-3 - .  Somewhat brmilhr results have a k o  been reported by Koranda 

t 
i L.. 

e t  al. They a n a l y k l ' t ~ t i u m  contint of body water and lyophilized -- ' ; 

organ residues of 95 k a n k o o  ra t s  which had been living for generations 
___1 

in an elevated tritium enviro?k? surrounding the Sedan cra ter  a t  the 

Nevada Test  Site. They o b s & a t h a - f  f --.. the activity pe* gram of hydrogen 
r. 

\ ---- 
ir. the lyophilized residue of six orgiim'averaged 1.5 times higher than 

\-' i 

that fcuad in bod, w ~ i r r .  They concih-&aiter extrapolating their 
BEST COPY AVAILAXE 

data to m a n  in a situation of chronic expo &' that the body burden and 
r; 

dose would be 1. 8 times that predicted by the ~ R P  model. 
1 :  
1-1 

These results ,  'however, a r e  in marked cb-diction to those 
I .  

I -I 
: ,----' 

reported by Thompson and Ballou. They expose@ rnatureefemale r a t s  

to  constant levels of tr i t ium oxide, mated them after  q' & weeks of exposure, 
: 1' 

kept the parent females on constant exposure during oifsP- - development 

i '- 
i 7- and nursing, and then maintained the offspring on the same-_e;)lrposure level 
---- 

--. 
-, \ f o r  six months. At  this time the offspring were  removed f r o 4  exgbsure 

I I 
$ 2  ; -, . 

to  tritiated water, sacrificed at intervals, and the tr i t ium con&of 

combustion water f rom various tissues analyzed. F o r  those animals DOE AR C ~ ~ ~ s s  

{ aacrificed immediately, they observed that for  most of the samples 
i 

analyzed the combustion water contained 20 to 30% of the tritium @ 
ax 



concentration in the body water during exposure. They interpreted this to 

mean $a$ Z O  to 30% of the organically bound hydrogen (both I1frt?ely 
I ! I  

>[ k.d 

exchankeablf;' a+ we1l . a~  Infirmly bound") was derived f rom body water. 

pt this interpretation a s  correct ,  which eeeme reasonable 
* .  - 

pathyays of hydrogen incorporation, 
10 

\. 
we would have to akuzhe that Evans' data a r e  only interpretable if  the 

deer were also consuming food containing tritiated organic molecules. 

This again seems reasonable s i ~ c e  the exposure to tritium is chronic and 
I ,  

would have provided adequate.'i$portunity .- - fdr thc food sources utilized by 
s . -. 

the deer to be contaminated and the:p!ant organic material  to be labelled 

by tri t ium. 
-. 

The kangaroo r a t  utilized in the s&s of Koranda e t  al. is a 
..--..l -- 

-- * 

unique animal which can subsist on dry seeds without the intake of any free 
i 

water. This animal therefore derives a rnaj0rl-i-n o r  a l l  of its 
I 

i 1 

tritium from the ingestion of tritiated organics, tritium in i t s  
'd 

body water mainly f rom the catabolism of tritiated or  flnica. These ra ts  

would uchange tritium betmeen their body h t e r  and %03heric water 

of lower tritium concentration and would also occasional \*ink f ree  
L- 

-----\ 

, water deposited by rain. Under these unique circumstances it peems 
! :  ' : I 

3 * 

reasonable that the body water tritium concentration should b & o A r  than 
~-08 A~~~ l \ES 

the combus tion water tritium concentration. , 

W e  may conclude, then, that neither the study of Evans nor Koranda 
i 

e t  al. may be interpreted a s  valid arguments for  the reduction of the ICRP -- 



recommended M P G ' s  which are intended solely for either the breathing of 
7 

l 
a i r  o l  thi jingestion of water contaminated with tritium oxide. Clearly, 

not intended to apply to situations where food 

4 
contaminated. There remains, however, the . - 

f l " - x ,  
fact that some org&dlly bound hydrogen i s  derived f rom body wat.er, 

i i 

and that this reservoir  of hydrogen atoms (or tritium 

i 
atoms) has components t a t  turn over slowly compared to body water. 8,9, 11 

! I--. 

I-- -1 

7 For purposes of evalua<\ng chronic exposure to-tritium, it might 
f i  

;Ll, 
7 ' 

therefore appear appropriatefo lower' the MPC. values by 10 to 2070 to 
..'- - 

{ 4--- . d 

account for the additional body burdtkaccumulated .-- in this way. However, 
<\::A. 

in corn~2r i son  v.-itf. :kc G-.*CZZ:: u l i ~ L i ' c & L r @ Z '  invo ivec i  in the establishment 
' --. 
'1, \, BEST COPY A V ~ ~ ~ L - ' L I I L L  

of M P C ' s  which a r e  given to only one sig?&X$ant --..- figure, this w ~ u l d  not 
, 

appear t o  be useful  o r  meaningful. . I 

1 

.J 
In situations involving acute exposure to t+Swn, somewhat 

i 
! - 

different conclusions might be reached due to the; ong turnover times if- 
observed for the organically bound components. Even, ri , cute single 

i 

administrations of tritiated water a r e  effective in labelxi e dry tissue Ye 
solids of mice. One day following such a n  administratio hL- j i r i  and 

A 

c-- I. 

~ v e r s "  observed that the t r i t ium contained in dry tiesue solidiZnounted 
I 

to  7% of the injected dose with about 1.5% being firmly bound dG' 

metabolic processes. Some human data a r e  a lso  available concerning 

13 
,, this .problem. Snyder e t  al. followed an  individual accidentally 

pgg A R ~ ~ ~ V E s  

I -- 
exposed to tritiated water vapor and observed that the body water 



elimination followed a curve described by the sum of two exponentials 

of 8.7 and 34 days.   he total tritium contained in the 

! L--/ 
secoiku&ponent appears to have been something like 0.5% of that in the 

&I f i r  st compo nd contributed about 2% ~f the total dose. Reinig and 
L ".J . - 

. sanders14 r h o  s t y m a  care  of a c c i d ~ n f l l  inhalation where the dose, 

i 46 mCi, was l a r g M g h  s o  that.the tritium excretion could be folloked 
fi; 

a s  long a s  41 5 days. T Q ~  observed urinary excretion pattern was 
1 I 

---- 
assumed to indicate that the tritium was distributed among three 

, ' 

compartments with half-lives of-6.14; 23.4; -=nd 344"days. The highest 

percentages of assimilated tritium in the longer half-life compartments 

conservative estimates of the dose contr' h h n s  of the tr i t ium in each of L 
f-1 

the compartments and concluded that the rapidly turning over compartment 
i 
t ' 

(body water) gave a maximum dose commitrnexh! 52 r e m  whereas the 

slower compartments gave 1.37 rem.  I t  therefo eems apparent that +F 
the dose calculated on the basis of distribution of triti* only within the . 

body water should be increased by 4070. However, if a]. calculate the 
F 
k infinite dose wing the ICRP model with a body water half-e of 12 days, 
L * I d  

the result  is 5.8 rem. This discrepancy is due to the c o n s e n ~ s m  

* 
Reinig and Sanders used a relative biological effectiveness (RBE) of 1.7 
in their calculations. This value has subsequently been changed by the 
ICRP to 1. 0, but 1.7 was used in this calculation eo i t  could be 
compared with the ~ l u e s  of Reinig and Sanders. 



incorporated into the ICRP model regarding the half-time of body water. 

lCRP uses  the value of 12 days, the two experiments 

mentidi&above actually measured considerably shorter values, and in 
F7 r1 

general the h h j i i m e s  1 1  .. m;asured by many experimenters average 9 . 5  
tl 

16* l7 rather . days F2 days- 
W e  would t b - o r e  conclude that the use of the ICRP model ddes 

not significantly undere the dose delivered by either chronic or 

acute exposures to tritiated w a r n  by ingestion or to tritiated water vapor 

by inhalation and skin 

f--TT.. 
The second question relates~,specifically to the incorporati011 of 

\_ _ _ -\ 

8 .-, 
t r i t ium in to  DNA and other organic %nm?nn-+c cf 13zg turnover tirr,~:. 

/+- 

i c-': ECST COPY XV.AIL:i?ILE . 
', If such compounds become tritiated in lowb.ophic levels of an 
=/ 

ecosystem and a r e  subsequently passed upwar{)hrough a food chain, 
t ! 
1 

the possibility has been raised that the ultimateiexposure to man eating 
-7 

such foodstuffs could be substantially higher than thZk predicted from 

the average concentration of tr i t ium released to the environment. 18 
I ; 

I 

W e  might first ask the question whether t r i t i q a s  tritiated oxide 
----- 
$ 2  

can be incorporated into DNA. Considerations of the biochanical 
- 

t I- 

pathways that generate nucleic acids clearly indicate that tritiu~-clontained 
! \ 

in body water should be incorporated into DNA, l9 although th(-!s - a lack 

A R ~ ~ I V E !  
of experimental data on this point. ~ e l e v a n t  data a r e  t h o ~ e  of ~e t z@!?  

20 
e t  al.  . They injected r a t s  intraperitoneally with tritiated water -- 



- 
(25 pCi/g body weight), sacrificed the r a t s  Lour hours later and then 

r, -7 

firmly b m d  tritium activity in macromolecular fractions 

y observed approximately equal tritium concentrations 

acids or proteins. The efficiency quoted for  . - 
. 

their tritium de t e (Ga t ion  was 20%. using th i s  figure, we may salculdte 

that the specific 0.16 )rCi/g. The concentration in the body 

water would have been 40 pCi/ g. ~ l t h o u ~ h  the fractional activity 
L - 

i s  small, i t  i s  clear that exposures to high concentrations of 

HTO a r e  effective in t&%rn into r a t  liver DNA and proteins 
/ ,a-. 
I '\. 

and that the levels of incorporatiort_l%the two classes of macromolecules 
. '- --- _- -L 

a're not esserrt;&:ly Jil:t;~rirL. i i  a i a o  beal@&easonabie to assume that 
a \ 

-?-? '! BEST COPY AV~\~L.\CLE 
most  biological organisms would have rdt& similar characteristics. 

ri 
The question we would like next to add4488 is  to what extent the 

1 i e 
label in the DNA contained in an initial food link w t  be passed on to 

i+? 
DNA's in subsequent links. Unfortunately, ther4bppear  to be no data 

11 
available to make such analyses directly. While no aHdies a r e  

% i . . 
i; 

available on following tritiated nucleic acids through f o o p i n s ,  . 
. -  

several  
--, 

studies have been done on the incorporation of t i ~ e d  DNA 
I-- -- , --- 

- '  precursors  into newly synthesized DNA. , 
3 ,  

Hinrichs e t  al. injected tritiated thymidine ( 3 ~ ~ d ~ )  a. CH IT'ES -- 
intraperitoneally into mice and determined the percent of injected label 

&. that was incorporated into total body D A. They observed that with 



doses of less  than 30 )rCi per mouse, the amount of radioactivity 
.- 
I 

incorp i ja t id  into the total DNA of the mouse was less  than 6% of the 
i 
'..Lj 

injected dose m s t  of the injected activity was rapidly catabolized to pi I 
HTO, as has ,dlb,Jbeen - observed in humans following intravenoue . 

/'-n . 
. injection of tritiate@&idine. 22 

'\d 
Lambert a n d k Z  n23 compared the efticiency of incorporation ' R 

of tritiated thymidine i n t l h  DNA by the routes of intraperitoneal 
'- 

-4 

injection and ingestion. They obs\Frved that ingestion was only 118 a s  
; : \ -  
i - \  
f ,r-7 

efficient in getting the tritiumQab& info _.- DNA. ' combining the two 
I .  

P ,  

experiments, we may conclude that t i o w i n g  the ora l  ingestion of 
. 

tritiakad i:lyliiid;ll* 1% UI i i r r  L L a i  is 5&6jpuraLeci iriro Di'iA, and - - 
- BEST COPY. ityAL.3~~ 

f o r  mammals a t  least,  we would expect li?wkkansference of tritium 

contained in ingested DNA into newly synthesizqd DNA. 
f 
ti 

I t  has been estimated that the weight ratio-A to body water 

21 24 
i '- 

- 3  I J - ~  i s  about 10 fo r  both mouse and man. If sin+rlar ratios pertain to - - 
all plant and animal species, thiq would further argue idat most  of the 

1 ! 

U t r i t ium incorporated into newly synthesized DNA would c e r  om 
1 '- 

sources and pathways other than the direct incorporation /+tiurn 
I 

r- 

contained in ingested DNA. Additionally, ' there is no a s s u r a n c ~ ~ ~ t  a 

i1 1 

the ingestion of DNA precursor. represents an  adequate model4e;/he DOE ARCHIVES 

ingestion of food containing intact DNA. Digestive processes may not 

provide precursors  that can be readily utilized. 



 levant experimental data a r e  those of Hatch -- e t  al. 25 who have 
-. '7 

tritium activity contained in the liver DNA of the kangaroo 

w r a t s  taken fcopl sedan Crater.  They observed that the tritium activity 
I \ 

per g hydrog/$~$~i the ..me in the liver DNA a. it was in iyophilized 
d .. - 

whole liver tissue {Fs indicates t h a t  these animals do not preferentially 

'Q incorporate tritium o their DNA relative to whole liver tissue even 
ri 

though their tritium expdiure is  mainly derived f rom the ingestion of 
. - 

J 

tritiated organic compounds. /;, 
/ 1 .,.,~, It., 

j -' \ . . 
F o r  situations i n v o l v i ~ ~ k o n i c  exposure to re.latively constant 

--. , , /--. 
levels of tritium, we would c o n c l u d k ~ n ~ t h e  basis of the available 

" - -- I -,_.--' 
evi2ezcc t52t t k c r c  i z  zc rreses t<i b ~ ; i e v ~ X i i s ~  tile t r i t ium concentration 

[ f: ,I \* BEST COPY AV;iJL.IELE 
in  the :ong- lived macromolecular c o r n p o w  of any trophic level 

r: 
organism would be significantly higher than that( of other organic 

i i 
compounds or  that of body water. (The kangaroo e r  any organism 

whose hydrogen intake is derived mainly f r o m  matter  would be 
n 

a n  exception to this a s  f a r  as body water is concerned.l)( Situations 

involving acute exposure (or following the termination bZ 

exposures) are clearly different, and the relative 

-- . 
be controlled by the relative turnover ra tes  of the various orggfrihand 

I / 
body water components. We have already discussed evidence iiC&ating - 

ARCHIVES 
that following transient exposure, the long- lived organic components 

will eventually contain higher concentrations of tritium than the shorter  

lived components. 



I t  should be kept in mind that these conc~usions are based upon 

experimental data. However, the extrapolation of the 

to the Rulison situation can be made with reasonable 
n n 

r imary organisms of concern a r e  mammalian, and 
.. - 

. the food chains a r e F c o r n p l e x .  We do not fee l  nearly a s  confident 
/ . 
' , iq. 

about extrapolatin&de r e s ~ l t s  to all members of complex (for example, 
F 

1 t 
aquatic) ecosystems inv ving a great diversity of or.ganisms within food 

pi, 
chains. Isotopic fractionation,,fiechanisms for the hydrogen isotopes a r e  

i '  \ 

/.A\ 
- known. Man, for  example, &ajqs water vapor containing 947'0 of the -. 

t r i t ium concentration in plaima, 26'and.the pigeon has been reported to be 

~ l n u s u ~ - l l y  e f f i c i e ~ t  in tkis F Z ; ; C S S  ,.;-it:* tl$~,-:-p;~*=ci w*&r vapor tritium - 
! --. BEST Copy x V A L ~ L E  

level only about 50% of that of urine or b p s 2  Other fractionation . 
-7 

effects observed behueen dueterium and protit& have been summarized by 
i 

i ' 
Bowen. 27 How widespread these processes a r g  known, and there 

/ r- appear to be no sufficiently detailed studies of th b x a v i o r  of tritium in 4 j 
complex ecosystems so  that the significance of these processes 

can be fully evaluated. 
p - 

Question three, dealing with the dose e stirnates &- - subsequen t  
* / 
I-i 

--> effects a s  a resul t  of the low energy tritium g particle, has bepp-l-ked 
1 ' >  

' ,  : 
11 a t  in considerable detail by Bo6d and ~ e i n e n d e ~ e n "  and by ~ e t i e h d e ~ e n .  . 

They have considered their  own work and the available literature. Some 

of the early somatic effects which have been observed after tritium DOE A I ~ c H I ~ S  

t 
exposure and compared with x-irradiation a r e  cell killing in tissue @= 



culture, 29-35  cell killing in intact mammals,  28 mitotic delay, 
28 .32  and 

\ 

es of cytogenetic abnormalities. 
36,37 

Late t e r m  eomatic 
y) 

eflects w h i c w w e  been studied include urcinogenesie.  3 8  Genetic effects 

include nant lethal and point mutation, in the .. - 
41-43 

con.cluded that a l l  of the short  t e rm 

bL somatic effects resultin f rom tritium exposure could be accounted for 
I - 

on the basis of the dose absor$'+, by the cell nucleus. The degree of the 
!i ; 
/--  

effect for any given absorbedUoswas a restilt of t r i t ium exposure was 
, r-- 
/ ,  

quantitatively similar to that obser~~6 ' fo l lowing  .- an  equivalent dose of 
- .  - 

- i t . .  I,-, c:hcr words, IAG spl;ciar%~cui~riuns need to be ..y2,, fiis-r COPY i i ~ L i ! L - ~ L L S  

considered other than the absorbed dose 4Wdo the random disintegration 
r-- 

3 of H atoms, regardless of whether the 3~ a t o h  is  in the form of HTO 

or actually incorporated in DNA a s  - )HT~R.  The quantitative 

correlation between absorbed tritium dose and x-&diation a lso  appears . 

8 

to occur for long t e r m  somatic effects and genetic effdits. In some 

3 I 
cases the absorbed dose from HTdR o r  HTO appears -fo-Be-nlightly less  

I C  .-- 
effective than an equivalent dose f r o m  x- irradiation w h i l  iir&ther cases  

L-,A 

. ---. .- 
i t  appears to be slightly more  effective. However, within the i '*., 

2 .  

experimental e r r o r  and technical difficulties in such experirnenG- i t  

appears that the dose absorbed by the cel l  nucleus a s  a result  of tr i t ium 
~SE; ARcHLVLI; 

decay quantitatively accounts for the degree of the effect and i t  does 

not exceed that expected f rom a similar  dose of x-rays. P3 



~ a m b e r t ~ ~  has recently published results of experiments (not 
- ..- 

inclcddd iA bond and Feinendegen's analysis) designed to look a t  the 
, i i  . l i  . - I  '.- J 

death of intepqefiate and type B spermatogonia after  irradiation of 
. \  

! ...,.\,I 1 
mouse tested.; ;T+e testes were  irradiated externally with x-rays o r  

.J ', . 
. internally with 3H'&~%r HTO. Again, tbe quantitative effects 

\ i -- 
\\b 

considering the absoWed-dose from.tritium and that f rom x-irradiation 
; ! 

were quite similar.  The irradiations were slightly more 

effective than x-rays in these e 6 b r i m e n t s  and HTO more  effective than 
! ; , ,  
/ : 

3 ~ ~ d ~ .  These results  a r e  sik'ildd to thoseebf Johnson and Cronkite 35 
a .- - 

60 
1' 

where 3 ~ ~ d ~  and Co y rays  were:-us~ed forinduction of spermatogonial 
r r  

. - 
/_ --- k i l l i ~ g .  i ,-.. 
I -' --- 
"') 

Various experiments have been c o c d s e d  tb compare the 
r-- 

efiectivenes s of tr i t ium irradiation for produdi!ng a given biological 
; ! 

6 0  i 
effect to the effectiveness of Co y irradiation q r id r r ad i a t i on .  In some 

i 1- 

' i 
experiments the tr i t ium seems to be slightly l e i 4  effective for an  

i equivalent dose while in others it seems to be slightly q o r e  effective. 
t : 

In some experiments where RBE vrlues of 1.6 to 2.0 a?e pdqulated,  the 
r-- 

I L  
uncertainties in the.dose calculations make the results v e e n u o u s  and 

-. 
we-- 

.-- 
the results should be regarded with circumspection. , 7, a-0) ARCHKES 

' k4 /' 
Bond and ~ e i n e n d e ~ e n ~ ~  have pointed out that RBE's of '&&"or 

-6 0 
1.4 for tr i t ium f3 irradiation relative to Co y irradiation a r e  more like 

, unity when compared to 250 kvp x-rays. Aleo, they have pointed out that 
\. 

RBE's  of 1.3 to 1.7 which have been observed for a variety of endpoints . R @  
3r 



in intact mammals a r e  based on calculations which assume uniform 

distribi<ion;in the body water and uniform whole body dose. However. 
j /  1 8  

I I 

a large'$art' of an animal is bone and this component has a minimal uptake of 

nn 
HTO. When b&b kc8 into &count this  inhomogeneity in the distribution of u \f ..- 

a . tritium then the R B m e  is nearly unity. . 

- I  ' 
Recently t h e i k g 1  has a,dopted' a quality factor (or RBE) of 1.6 

3. 
rather than 1.7 for beta drjergies l ess  than 0.03 MeV; therefore, - the  

. i t  
<-.-..A 

qua l i ty  factor for  tritium has been adopted a s  1.0 and the following dose 

J . -  
calculations in this paper will be-made-&ith 'this. value. 

L - 
fl 

Question four concerns the possible effects of transmutation of 

3 28 
DNA a s  e rcrq.?1t cf H decay.  -4.g21r,, 32252rd F ' c ~ ~ ; c ~ ~ ~ c ~ c P  h i v e  

' -7 . 
..,  ST COPY AVAILIDLE 

considered this problem. The general c o n s 3  on is  that no experiments 
'L f 

T 

have shown that transmutation effects have any role i n  cell lethality 
I 

(where results can be accounted for entirely by tfie absorbed doses) or  
f7 
! .  

other cell damage such a s  cytogenetic abnormaliti ' %ere there i s  no 5 I 

- correlation between the site of the chromosome break a% the site of 
i I 

incorporation of the label. 37 Rachmeler and Pardee 43 bbve. howeye t. 

apparently shown a transmutation effect in the induction o ? P n t s  in 
i ' - -  
i 

bacteria after labelling with 3 ~ ~ d ~ .  Bond and Feinendegen felt  t b t .  . % 

< $ 

' 4 ~ ~  ; 
transmutation could be invoked to explain the data of Kaplan - et  - a1.--./ _- 

EOE A~~~~'ES 
who looked for sex-linked recessive lethals in Drosophila after  

3 
i' 

labelling with HTdR. The distr ibutiodif  lethal mutations along the 
'. 

x-chromosome was non-random and it was different f rom that observed f l  



a f t e r  x-ray exposure. However, in a more recent experiment Kaplan 

42 fl e t  al. , Wpe looked a t  the distribution of mutations along the -- 
, Y -,I .--/ 

x- chromoso 
3 

f ter  labelling with tritiated deoxycytidine ( HCdR). 

3 
The iffer s slightly f rom that-obrerved with HTdR and 

a l so  differs f rom &"&served with x-ray.. When the distribution 
I i iL 7 3 

resulting from the b o  different labels (i. e. , 3 ~ ~ d ~  and HCdR) were 
i I 
i j 

added together the resull$ were like those observed with x-rays. This - 
was interpreted a s  suggesting t the combined distribution is  indicative (34 . / L - 1 <  

. of the regional content of D N A ) ~ ~ ~  ttie x-chromosome and that the 
,,- - 

3 
difference in the distribution of letha-l--mutations produced by HTdR and 

3 -.. 

H C b 3  dcrrirn;:r~tes ttcL b a r  ;iriio~,o iu ri$&iiae and cytosine content 
'. .- - --, 
r 

--, BEST COPY AYAILXBLE 
may exist within the chromosomal DNA. ,werefore ,  invoking 

" - 
transmutation effects i s  really not necessary in :order to explain these 

j .  

A 

results.  ,- -7 
i ---- 
5 -- - .- 
I -"^ -4 

F o r  the case  of exposure to tritiated wate*, - rather than 3 ~ ~ d ~ ,  

which results  in randomly labelled organic molecules the effect of 
I j 

transmutation would be negligible since tritium would Got-be--. - 
L- 

preferentially incorporated into DNA and since DNA comp$ises only 
-- . 

about los3  of the organic body weight. 
I I d /  ! 

 here is one additional problem that should be consideitd-And 

that i s  the unique situation of the fetus that i s  continually exposed to 

tr i t ium throughout fetal  life. The experiments of Khan and Wilson 
4 4 

and Thompson and ~ a l l o u ~  indicate that fetal exposure of ra ts  leads to 



the incorporation of tritium into organic molecules throughout 
- 

organbkehisis with subsequent long half-times depending on the si te of 
t i  ' ',J 

incorphdiqq.  Also. several experiments have sugge~ted,  a s  stated by 

44b"J 
the ICRP, ! % the effect per n d  on the induction of neoplasia 

- . - 
I . following fetal irr{&hon is greater t+q  the effect on children and adults 

( ( ~ 7  46 
. b y a f a c t o r  o f b e t w d 2 a n d 1 0 .  Miller hasrecentlyquestionedthe 

f! 
i ' 

validity of duch a concldsiion, but has not presented any compelling 

- 
evidence that i t  is  incorrect. j ', 

A, ,> 

/ L  , 
These c o n s i d e r a t i o n s ~ o ~ ~ . .  suggest thatathe critical segment of 

a ,-- -., 
< ,  

- .  
the population at risk will be the fetus;-, If the fetus i s  indeed ten times 

,- .. 
\ . - i  -_ .- 

as s en~j t i ve  a s  adtilts o ~ l c  cczlC! 22-2~2 t-L,+p,-s;c s t ~ z i 2 z r ~ s  shoulcl lie 
I L . A <,  BEST CGPY AVXILAGLE 

reduced by an order of magnitude when ay*Led to the exposure of pregnant 
- 3 

women. The effect of tritium incorporation inth organic molecules is  
1 s ,  

much more difficult to a s ses s  in that it i s  not =e what percentage 

of the tritium under such conditions i s  bound to t various types of ef 
organic molecules. Obviously, some a r e  much more /c itical than others. k I 

: I 

111. Relevance of the RCG Values for  the Exposure of the Ge =a Public t,i 
f 'L-, 

I t  seems appropriate before considering the parti+?&&. -- of ~m @lXE 
', 

K+i 
Project  Rulison to review briefly the nature of the RCG values(,j 'and to 

1 c, 
point out how they may be completely iqadequate when applied to the 

general public. 



Historically, the RCG values a r e  related to the maximum permissible 

4 
on values (MPC) of the ICRP which were  calculated for  the 

~ : ' ; r t i o n a l  yo rke r s .  The p r h a r y  dose standard had been exposure of 

s e t  a t  5 re  ))0' f o r  the whole body and certain othe; tieeyes and the 
U .. - 
n 

; MPC1s for a i r  a n  r we re  calculated.assuming that each route and 

each only exposure the individual had to radioactivity. 

A dose of 0; 17 r i b e a r  has  been established for exposure of the 

general  public, and therefore values for  exposure of the general 

public were  a l so  lowered to a l ~ d w e a  fo r  the continucus 

exposure of occupational workers .  the key point 'is that the 

h f P C 1 ~  +?.d the  P.CG1= 2;;~~:; : h r G  Gi oi;irr ruuta of e1:try of a 
BEST COPY AVAILLiCLE 

radionuclide into that individual; this  i s  a u $  reasonable assumption 
r- 

; ' 
fo r  occupational workers ,  but it certainly is ndti for exposure of the 

iJ 
general  public. As  both the ICRP and the FRC h v o i n t e d  out, one has 

i '3 
to  be very  careful  in  applying the MPC's to any si&ation other than that for - 
which they were  calculated and correct ions do have to  be made when there 

is exposure via other routes. Many exposures of the genera-& public: a s  a 
r 

%__1 

r e su l t  of nuclear activities also involve the very r e a l  posa f i . i ty  of the - 
- -. 

contamination of food chains by the radioactivity released. clearly, the 
I : , , DOE ARCHIT 

RCG's do not allow for  this  possibility, and we have already diseri$sed in 

considerable detai l  how the concomitant' contamination of food may influence 

t h e b o d y b u r d e n o f t r i t i u m .  
t. 



As the ICRP and the FRC have stated, in order  to be certain that 

17 
the przmary standard of 0.17 r e m  per year i s  not exceeded, it  is  

! I  < ,  

*-; 

necessary toLq ider a l l  possible routes of entry of a radionuclide into 

man, not jus t man  may receive by breathing contaminated a i r  or  
.. - 

. drinking contamin ater.  As we will subsequently demonstrate 

for  Project lack of such considerations could indeed lead to 
n 

doses above the primary tandard even though the a i r  concentrat'ion L 
values do not exceed RCG valud,;; 

/ / \ ,,> 

a IV. Estimated Ooses f rom Tritium r-.. 
;' r >- 

In the Rulison basin the wind&i~ection varies froni daytime to 
- ,---. 

1 / 7 :  
nightime. Nightime flow i s  in a norther13 4jyyction down the valley 

t l  

'W 
-.vhile d1lrizg the day the flow is up the valley h - t h e  opposite direction. 

4 I 

In the daytime the flow will finally reach sufficidnt height to move with 
ti 

the prevailing northeasterly winds. Therefore, s a v e  been presented 

for predicted air concentrations and ground ion for a twelve ti 
I+ hour daytime period and a twelve hour hightime period r both a n  

accident situation and a normal  flaring operation. 2 

ij 
[I 

The accident situation assumes that there would  control - -- 
I -.\ ' 

over the gas flow a t  the wellhead and that uncontrolled blowout; occur mE A - ~ H I V E !  
..-*' ' 

I ---*-, 

through an  open dr i l l  hole. The source te rms  for  the accident case a r e  

calculated assuming that under such conditions 100% of the gaseous 

! .radionuclides present a t  180 day. post detonation would be released in a 

24 hour period. 



The normal flaring operation consists of controlled venting of 
11 

the cyyiq p l u m e .  Source t e rms  for tr i t ium for the flaring case were 

iw 3 
20'36 of the cavity H activity is  vented in the f i rs t  

three-day operation: The predicted - a i r  concentrations and 

ground deposit ionm which the doses a r e  calculated assume that the 
Lp 

cloud travels in a &+t line --.th=t ii1 there i s  no meandering of the 
1 t 

plume. Actually, one Ge expect the cloud to meander during a - 
twelve hour period. ~ h e r e f o r 6 b e c a u s e  of the different wind directions 

I ;  \ \  
{ L J t  

1 -  
during daytime and nightime bhd &spicbabie --. mseande;ing of the plume 

one would not expect any one persofi'i6-be in the cloud for a 24 hour 
T"-. ,, 

p e r i d  LLL! ~ - i l i ~ i L r g  liid dube over an en y $Ga,uay (or over a three-day 
COPY AVAIL~DLE 

flaring operation), woulh certainly produe,,rnaximum dose estimate. 

i i 
Releases after the f i r s t  three-day flare will inyplve smaller quantities 

~i 
of activity and they will be spread over many mo~tirr Therefore, such 

1 i -- 
7-2 

variables a s  plume meandering and wind directiohi will have a much 
-3 

greater  effect and the dose received will be much less han that f rom n 
the initial flare. The exposure est imates for the first3h,zehday f l a r e  

I -  . -  , --, 
have been determined in r very conservative fashion andla-robably 

reasonable estimates of the total dose on= might possibly rec  

the  total flaring operation. 

~ n o x ~ '  has supplied source te rms  for self-induced rainout which 

. i s  a phenomena which may be observed a t  or  near the wellhead. It 
\ 

consists of the condensation of water vapor out of a supersaturated gas a 
cioud a s  i t  leaves the flaring stack. 



Dose calculations win be made for the accident caee and the normal - 
17 

ation considering both a i r  inhalation and ingestion via the food 

ach of Ng e t  al.48 for determining unit rad depositions 
c- 

values are the amarrnts of radionuclidea in 

2 - ~ C i / m  that will r ult in a 30 year d o ~ e - ~ o f  6ne rad) war used for the dose t w 
estimates via the forage ow-milk pathway. The rmit rad deposition value n 

2 
for tritium via the f o r a g l h - m i l k  pathway i s  99 pCi/m . 

7- 

The umit rad deposition k+$ the soil-root pathway b a s  been calculated l i  i 
/ 43, '%> 

using the technique of Ng e t  a k  - -~p$ever ;  bekause of recent information -- --. 
' ---\ concerning tritium movement in v a r i ~ \ r s  :ecosystems, we have made a few 
i - -  \. -* 

,-'--. 
numerical changes in some of the c o n s t a q p m e t e r s  in the basic 

equations. 49 The approach used by Ng -- that tritium stays 
i-' 

T I  50 
within the top 20 cm of the soil surface after deposition. Koranda has 

I ! 
ii 

recently shown, however, that the peak concen t r$Wof  tr i t ium moves up 
1 k 
i and down in the soil and reaches depths up to s e v h  o r  eight feet. We 

hake assumed. therefore, that on the average tr i t ium distributed in 

. . the top 100 cm of soil. 

1 -  
It u~as also aaaumed in the original analysis that tihleha1.f-residence 

Id 

m 

t ime for tr i t ium in the soil was equal to i ts  radioactive hal.f-li&$')2.3 
t i  !I 

years.  However, recent evidence has shown the half-residence '7 m e  D& AX CHIVE^ 
t r i t ium to. be about 29 d.ys51 in a tropical r r i n  forest  and about 18 

50 (' months in the dry deser t  region of the Nevada Teqt Site. Most a r eas  



would probably fall  somewhere between these two ecosystem extremes. 

"; 
In our Analisis we used the longer of the observed half-residence times, 

1 ,  it. , 

two major changes in the equations used by Ng et al. . - -- 
. the unit rad 2 3~ is found tq be 1574 pCi lm . Therefore, 

the dose received oil-root pathway would be a t  least 15 times 
, I 

l ess  than that received v k e  forage-cow-milk pathway. 
'A 

I t  might be mentioned hfi&that the time of year  when the flaring 

; r- operation is  conducted will have a ~ a n s i d e r a b l e  effect  on the possible 
r--.. 

, - 

exposure via the forage-cow-milk paa$~ay. If there  is st i l l  considerable 
.- - 

.rc -\ snow o n  the  ground the  tow^ \.till ?act bc onp$$:rc t z d  tke  arr io~i t  of 
-:-<'\ BEST COPY AVAJLABLE 

t r i t ium which would remain on the.plants e.d be very much less than 
-- 

. that which would be deposited on plants if the flaqing were  conducted 
? I 
Li 

after the snow melt. Also, the final tritium concenttation in soil water 

would be less  if flaring were conducted while there 4 s  st i l l  snow cover 
- 

on the ground. 
I 

I 

I ! 

I 

Another possible source of contamination that w C  fLaY.not 
I- 

- Z J  
considered i s  the contamination of water supplies. However, due to the -- 

*-"--A 

----, D-OE ARCHIYE: 
large dilution factors involved and the ability to easily monitor /amh\ 

I 
t i  

C-..- ' 
supplies in the Rulison vicinity, the dose f rom this source  sho&d-be 

, negligible. An evaluation of this has been published. 



A. Accident Case 

alculation concerns a i r  inhalation a t  a distance of 5 km 

of nearest  population) a s  a result  of a daytime .. - 
release height of 300 m,  which gives the highest 

! Q 9  
concentrations, the predicted tritium a i r  concentration is 3.5 x 10 

- 8 
I I 

3 Ci/m . If one uses the value for the volume of a i r  breathed by 

7 IT\, 3 standard man, i. e., 2 X 10 cm p e r  day o r  lo7  c m  per 12 hours, then 
/ L- kL 

, c?, \ 
the numer of microcuries inhidedtf'n a.12 hour period'is 0.35 pCi. The 

% '. 

amount inhaled is essentially a l l  absbrbedi2 F o r  a 70 kg man this results 

* -2 G*->> 
in a f i r s t  y c e r  dosc of 3 X 13 nizcil; a*auiLiig a 12 CAY liall-'rile for , ,. -.- 

T COPY AVAIL{ 'LE 
tr i t ium in the body and a relative (RBE of 

i- -' 
f 

1.0. The nightirne a i r  concentration a t  5 krh,as I 1 a result  of an 
U 

accident situation is  approximately a factor of 10-low the nightime 
1 L 

-1l- case and would, therefore, give a dose of 3 X 10 ,mrem for a 12 hour 

re lease  period. At  15 kxn the nightime re lease  would g a d  to a dose of 
/J 

2 X m r e m  while the daytime release would lead to  a * of 
7 x mrem. 

2. Dry Deposition 
--1 8 

The amount of tr i t ium deposited on the ground a t  5 krn a d  result 

-5  2 
of an  accident i s  given as 1.5 X 10 ~ i / m  for the daytime case. The 

( ' ~ i r s t  year  dose and 30 year dose a r e  the same for a n  acute exposure to 
tritium. 



unit-rad deposition value for  the lorage-cow-milk pathway for tritium 
-.. - 

a148 is 99%. This means a child drinking onc 
m 

ay f rom cows grazing on pasture contaminated with 

would receive a dose of one rern. The daytime 
.. - 

deposition a t  5 krn,if&fore results  in a .dose of about 0.2 rem. The 
;! 

nightime d e p o s i t i o & S  km i s  a factor o f  1000 lower than this. If the ' 
i 

i ' 
entire chimney were  embbied in a 24 hour period in the same location 

1 -, -- 
these hrro values would have to ,4 summed. At 15 k m  the nightime and /E 

i - 
daytime depositions would l e d  tojLdoses of 1'0 m r e m  and 40 mrem,  

8 I- 

respectively. As was pointed out pk+iously,  - the unit rad deposition via 
i\ ,. . ---- 

the sc'i!- ract  ~;:t!;-;;ty is TiiGi'C i l ~ 1 1  15 ~La&Z&i&rtr I ; ~ ~ L A  tirat v;(s the 
uk! CUl.1 AVAILIfiLE 

forage- cow-milk pathway and therefore t@sel se  received via the soil-root 
-- 

system would be a t  leas t  15 times less than th4 doses calculated for the 

forage- cow-milk pathway. 

B. Flaring Operation 

1. Inhalation 

F o r  the flaring operation the initial calculation o, 
Ir P 

received as a resu l t  of air inhalation will be made for th j icy t i rne  situation 

---% at 5 km. This is the maximum value predicted for  a i r  concent tions a s  f : ;  I i, a result  of flaring and is, therefore, the limiting case fo r  the -DOE U C I I I V E S  

inhalation situation. The value for the predicted a i r  concentration i s  

3 /'. 
, 2.6 X Ci/m . Again assuming axitinhaled a i r  volume for a 12 hour 

7 3 
period of 10 cm the shor t - term body burden i a  0.026 pCi. This is  a BY8 



. factor of 100 less  than the accident case o r  a dose of 3 X mrem. The 

-7 - 
n i g h t i y  !{lease case at 5 irm is a factor of 500 below this value. At 

! id 
15 krn d 1 2 . 0 ~  daytime flaring would lead to a dose of 8 X 1 o - ~  mrem, 

1 1 i 
and the 12 h pt)bghtime flaring would give an inhalation doae of 3 X 1 o - ~  

LJ .&l ...I 

. mrem. , 

The total i dose at 5 .krn a s  a result of a three-day flaring 
r! 

i -2 
period i s  then approximJdely 10 mrern. At 15 krn the total inhaled 

i 
L--l - 

dose would be about a factor of,%hree lower than a t  5 krn or  3 X lo-' mrem. 
ii- !, 

2. Dry Deposition !'-I.: 
/ --. , .  

' -\-; 
The deposition of tritium onk-nts a s  o result of ihe flaring 

,-- \ : 

for  the integrated activity a t  5 krn for da @& release, and a value of 

2 
lo-' m/sec.for the deposition velocity. The Csult is 1 Ci/m . 
This is a factor of 100 less  than the maximum c t case and gives a 

dose of 10 m r e m  for the forage-cow-milk pathwa ightime deposition 

i s  a factor of 1000 lower and therefore leads to a dose 

id At 15'km the deposition f rom daytime release leads. to dose of 3 m r e m  
F 

while nightirne deposition leads to a dose of 1 mrem, ~ I e e s  resulting 

f rom the soil-root pathway would again be a factor of 15 lowen- the 
, i f  

8 ' 
. . I .  

above estimater' for  the forage-cow-milk pathway. i ----. --DOE ARCHIVES 

C. Ra inout 

Tritium may a l so  be deposited on the ground surface by the process 
? 

of natural rain bringing down the activity contained in the plume. 



For the accident case, it has been estimated that the specific 

- 3  
might be between 1.8 X 10 and 4.8 X 10- 3 

be compared to a RCG value of 1 X pCi/g for 

would take a rain of about 2 em to bring down enough . - 
, activity to equal t @t rad deposition fpr the forage- cow-milk pathway. 

r t 

' 
This amount of wahqlhowever ,  ~ o u l d  not possibly be retained by the 

ri 
4 ' 

plant surfaces, and would move into the soil water. Dose contributions 
i + 
:-2 

would therefore be reduced a n m o u l d  be less  than the calculated dose 
,'\ ,, 
2' 

ar is ing f rom dry deposition an$-en_try into the forage- cow-milk pathway. - .  . 6.' - 
The same conclusions w o u l ~ s o  apply to the flaring operation. 

,--3 . - .- 
D. Self -:iidaic;d .&;lAuur p -- --. , -- \ =ST cC)pY AVhlL-\buL 

\ 

~ n o x ~ ~  has made an  estimate for aeD-)induced rainout aj a 

distance of 2 km. Self-induced rainout is  the cundensation of water out 

of a super-saturated gas a t  o r  near the r e l e a s e - p w  His value of 
I- 

2 ' -7 
60- fo r  a 24 hour period gives 1440 g /m . m e  activity of the 

2 
m -hr  h 

-7 4 
water  i s  10 C i l g o r ,  therefore, 1.44X 10- Cilm. H251.of this 

b 

self-induced rainout remains on the plants then there a r  y n t i a l l y  

2 
i I- 
j -- 

3.6 x Ci/m which will lead to a dose through the ~ ~ + C O W - m i l k  
.r 

pathway of 0.36 rern. Knox estimates the accident case  w o u l d ! ~ i o m e  
, I  ! ;  

t--" ' five t imes worse o r  approximately a dose of 1.8 rem. However, there 

a r e  no people and no dairy cattle within 2 krn of the wellhead. 
2 D O E ~ C H I V E ~  

The results  for the various situations a r e  summarized in Table I. 

The significant point to be made f rom these data ie that the food pathway S'Q 



could contribute by f a r  the greatest  percentage of the dose. ÿ he dose 

I i '  

contri&Jteb)by a i r  inhalation over a 12 hour period is trivial compared to 
: i  ! I  

:,LL'J 
the dose whifi copld be received via the forage-cow-milk pathway a s  a 

result of concentrations. Therefore, s imply keeping the a i r  - 
. concentrations a t  htly below MPC i s  not sufficient. The daytime 

accident release The a i r  concentrattiion a t  5 krn for a 
i 3 

12 hour period i s  predicde!d to be 3. 5 X 1 0 ' ~  pCi/crn o r  a factor of huo 
i --I 
- 1  

below RCG. However, even foi3his  short period of time the resulting 
f : '  .--- 

i - -  

deposition of tritium on foraglwh&h could l5e incorpdrated in the food 
F- - , 

chain via the forage-cow-milk 1eadsxto:a predicted dose  of 0. 15 r e m  - .. 

m \*:)?ic)l i c  \.ey.+ , -0 - r  . +hr . -a*-- - ,  ---- . A&= p ~ i ~ ; ~ r Y  standard of 
\-:.B%ST COPY AVAIL.iULE 

0.17 rem is the cri t ical  and controlling gii'i& and, therefore,  the .--_Y 

contribution cf dose f rom a l l  sources must  be considered -- especially 

2 
that via the food chain. Others have considerea p a p o t e n t i a l  tritium 

,- 1 'L, 
exposure via other food chain pathways. i r  

V. Hazards f rom other Radionuclides 

A. . Gaseous Activities 

i i 
In addition to tritium, other radionuclides are prt-&@in the 

c - 7  i 7, %-. 

I !  : :  
chimney in a gaseous form and a r e  expected to be re leased duqhg,;the 

___r 

I-' 

flaring operation o r  in the event of a n  accident. The radionuclides of 
D9s e l V E '  

possible concern a r e  14c,  3 7 ~ r ,  3 9 ~ r ,  8 5 ~ r ,  and 1 3 3 ~ e .  Total 

2 
!, nventory amounts and the predicted a i r  activities a r e  available. 



F o r  the gases, the ICRP model considers hazards arising from 
-7 t i 7  

rubmi i s i i  h in a cloud of the gas. Calculations using thi. model indicate , , P, 
I-W that the n l ~ a q ~ o u s  radionuclide of significance i s  8 5 ~ r ,  which would 

contribute dJqd equal to 2510 of the dosedue to inhalation of tritium. .. - 
. I 4 c  may a l so  be @, but would not.wntribute any significant dose 

y<J- 
by this route due t o 4  relatively. very small  amount of this radionuclide n 
present within the chim y. ih u 

Dry deposition values &e also been given for 14c. Dose 
! : \ % I  

/ h i  

contributions from this r a d i o a i h e  via' theaforage-cow-milk and the 
/- 

soil-root pathway have been evaluakd using the modi l  of Ng et al. and 
r -- 
L A' 

would be crders oi magnitude lower than ,tRZ,dose contribution from 

- tritium. 
' I 

Ng -- et  a1. 48  have published unit rad dep$4ition values for the 
i i 
U 

noble gases for both the forage-cow-milk and the -root pathway. 
, I \i 
'7 However, these values cannot be used in a meanin~fu l  fashion since 
L- 

deposition velocities for noble gases a r e  not known. . A! an alternate 

approach. we have started with the maximum a i r  cons&htrotiens given 
8 <d 

2 
I 

2 - 
,A 

for the noble gases, and assumed that the only way the gqses can be .-- 
f 

r-------. 

deposited is to be absorbed by water. The maximum concentrbt3n5of 
1 ,  ' L-,8 I 

the noble gases in water was calculated using Henry's Law, an- DOE -  ARCHIVE^ 

assuming instantaneous equilibrium. This concentration of noble gases 

in water 'was then assumed t o  be directly transferred to man, and 
i 

eliminated only by radioactive decay. These extremely conservative 



85 
assumptions indicated that Kr was the noble gas radionuclide of most 

concet j ,  /$t that the dose calculated in this rnanner:was 10 timer smaller 
I f  I ,  

f rom the ICRP model of submersion in the original 

a i r  concentr 
85 ' of Kr. Therefore, anypoeaibledosecontributionby 

..- 
ases  via food chain pathways ie insignificant. 

'49 B. Particulate ivities 
. n 

The hazards to 'An via the forage-cow-milk and the soil-root L 
pathways for a l l  particulate rafi,nuclides contained in the chimney may 

li-1 
also be estimated using the c e i i a t i v ;  valu=s. of Ng' et a1. 48  and 

,---. -- 
- compared to the tritium hazard. 

(c - _ - 
--._ 
c'.--, ' 

BEST COPY AVAIMCLE, 
inventcry a t  six months post detonation a critical organ unit t ad  

deposition values. The more conservative val +s for the infant have E 
been used. Dividing the inventory (in pCi) by t ii' e e  rad deposition 

2 I ' 
value gives the m - r r d  value which when m u l t i p l i e a y  the fractional 

'J 
2 deposition per m gives the dose in radr. More impofTantly, the 

2 m -rad value allows one to make a direct comparison L! f relative r.isk . 
for  different radionuctides. 

r----.. 
This has been done using inventory values given in r e f g p o e  2 

/ I  a C@lvEs 
and the results indicate that the radionuclidea of most concerxh!h' ~ 9 5  

106 
9 0 ~ r ,  Ru, 95Nb, 8 9 ~ r ,  a n d  13'cs.  or the most hazardous 

i 
radionuclide, 9 0 ~ r ,  the statement can be made that if i ts fractional 

-4  
depositian (or its air concentration) i s  10 of that of t;itium, .it  would 

- -- - - 



constitute a hazard equal to that of tritium. This same estimate of 

r e l a t i 4  hqkard for 9 0 ~ r  may also  be derived by considering only the 
' 1  I '  -- 1 

i n v e n t o > / r e ~  to the RCG values.for a i r  concentratkn. However, 

essentially nq f these isotopes a r e  expected to exit the cavity. 
2 

Li i-l ..- 

VI. .Risk Estimates {b 
There  a r e  approk*ately 1000 per sons within a 15 mile radius of 

I I 
2.3 S i i k  the Rulison site. i s  is  the cri t ical  population which could 

/ A  i, 
receive some cxTosure. calcu#&'pns for the h c r e a s e d  incidence of leukerxia. 

17:; * ' 
a cancer, life- shortening and genetic:effects have been made on the basis 

- 4  

of 1000 persons. 

f. 
We will use dose estimates derived-from the source terms for the -.. 

-. .' 'I ,, .--/ ' 
normal flaring operation since i t  i s  the m d b f ~ ~ i ~ l y  situation to occur. 

1 1  
The largest  estimated dose to the population results  via the food chain 

'-1 
pathways. However, this i s  a controllable situation such that any dose 

I -2 

via these routes (forage-cow-milk and soil- root) 'could_be considerably 
' I I / 

reduced by appropriate Public Health measures.  With ihis in mind, 

7 

we will present  r i sk  est imates for doses received throug3)yaoth the 
1 -  ' ' f  cJ 

forage- cowrimilk pathway and through a i r  inhalation. . ~ b r c t f r a ~ e s  t dose 
rf=?, 

via the forage-cow-milk pathway due to dry deposition i s  30 4 n e v  1 
L?, pPE wm~~l"Et  
LJ 

a t  5 km while the largeet  total dose due.to inhalation during a three-day 

flaring operation is 0.01 m r e m  at 5 km.. Therefore, we will use these 
/ 

i. two numbers in our calculations. 



It i s  assumed that the average absorbed dose resulting from tritium 
- -- 

exposude is sufficient for making such calculations and the details of such 
3 ,  

.-1 , 

calculat io~s ~ r e f i i v e n  in the Appendix. The results a r e  summarized in 

Table 11. conservative upper limit estimates which a r e  based 
.. - 

. on extrapolation f e g h  dos;. and high do,se rater. No account has . 

. been made of rate effects or possible repair mechanisms a t  
ii 

these lower doses. ~ a r ( k r t u d i e s  indicate that such processes might 
I-, - 

be functioning in mammalian syqtems. For  instance, radiation-induced 
/ '3 '!, 
i --- 

mutation frequencies show a cansderadle  dose r a t e  effect with acute 
,--- , . 

4 ' ,-- - 

exposure resulting in approximatelykfour times a s  many mutations a s  
- _  ' - - 

tb*r"": ' -.-".. -.. , ,.-, ,,.,,-,TC. 5 3 1  54 TI;; ;-;;;-:..a: u; 1 G z + , i a i ~ d  i ceii., Loth -- in vivo 
i - - -  

and in vitro, has been shown to increase 
S@T COPY +V I I W B ~ E  e d o s e i s  ehvere i n a  

chronic o r  fractional manner rather than an ac? e manner. i t  33; 5 5  Also, 
L' 

fewer chromosome abberations a r e  observed a f t e w c o n i c  or 
I 

fractionated exposure than after  acute exposure. ?@ Chronic exposure 
'LJ 

7 
studies on cancer induction in humans, however, a r e  dqn- existent. 

/ / 
Repair processes have a lso  been demonstrated kk m o u s  organisms 

I +  
and cell lines after UV irradiation. 58-60 Unscheduled Ds h5 : qsyn thes i s  *- in 

4 

mammalian cells ham been reported at x-ray dose. of 5000 r S 9 m n d  a 
i ) ;  
1 1  , 
1 i - type of "repair replication" af ter  very large doses of x - i r r a d i h d h a s  

D-QE ARCHIVES 
been observed in Hela-S-3 cells. 

62 
However, the relationship of this 

repair  replication to cell recovery i s  still speculative. It has a lso been 
i 

established that rejoining of x-ray induced breaks in the DNA of &a 



63 
mammalian leukemic cells occurs. The rejoining procesa secms to be , 

: 7 

! i 
ra ther  ,ra&o-resistant but again its relationship to cell survival has yet 

' 1  
--' 1 

' to be 

of single-strand breaks in the DNA of bacteria 
.. - 

,./-\ 
has been r e p o r t e d { v w o  different groupsi64'.65 and also the excision of 

\' ../ 
thymine dimers a n d m l s s a  tched sequences by DNA polymerase has been 

I I 
6b observed by Kelly et al. j I It appears the enzyme might be able  to carry 
!i_l 

out both excision and polymerization indicating repair of damaged DNA. 
I 

/ : t  
The relationship of a l l  the obgerv& r e a i r  mechanisms to cell killing, 

. -- , 
' (e 

or more importantly, to  the induction of various types of cancer and genetic - - .- .- .. 

cifc c i s ,  is U fiiujur uebiiolr ill radiation. bi:OJo,gy. 
' L  - 

+- . "--, ' BE"'f Col'Y L ~ V L ~ l ~ ~ ~ L ~  
~t is possible, therefore, that dos+kfe edects and repair processes 

r '  

might, for low dose exposure, reduce the damage below that which is 

predicted by linear extrapolation f rom high d 0 s e s 4 ~  high dose rates. 
--. 

However, in order to be conservative in these calc~l=t ions we will 

1 

*roceed on a linear extrapolation hypothesis f rom the observed effects 
i 

a t  higher doses. 

When the Appendix w a ~  originally written, 67 we felflfhat the 

weakest evaluation concerned the estimation of the magnitude of -- ' 
1 npE;pR 

C ~ ~ V  ES 

non- specific life- shortening, and a very conservative estimate-6f 7% 

reduction in life span per 100 rad was chosen. Andersen and Rosenblatt 68 

have recently reported the results of a study on female Beagle dogs 

where the median life span wae shortened 6.770 per 100 rads, a value 
561181, 



69 in  complete agreement with our estimate. Storer ,  however, has 
-. 

stated i recent publication that 1 k per 100 rad is probably a 
t i - '  

c ~ n s e r k i i v ~ ~ b e r  when extrapolated to exposures occurring a t  low 

dose rates. 

There has e e e n  a recent a n ~ y s i s 7 0  indicating that the total 

\ b 7  increase in a l l  r a d h i c  cancer8 (excluding leukemia) might be more  ' n 
than an order of magnitufl higher than our estimate. We a r e  not 

I 'e, 
convinced that the data availablqat  the present time justify such a / 2 'igt 

conclusion. However, even if,m& an- interpretation should be correct ,  
/"-- 

f /-\ ; 
our inclusion of non- specific life- s h b ? n i n g  (which iuould include 10s ses  

<-; 
dije tp  d ~ p f h  hy c?r.cer 2s *:.vc!l c c  :I? z t ! - . s , ~ q s c s )  i;; t!i2 ~ i - ~ : u i ~ L i ~ r ,  L S  

'\_'--%EST COPY AVAIL-IBLE, 
lives lost would be adequate to cover suc-ffect. Therefore, when 

9 
6 ,  

our estimate for lives lost due to life- shortenid# is  combined with the 
\ 

estimate for genetic deaths, we feel  the total idd:ronpervative upper 
. -  - 

limit value for the overall risk estimate. 
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TABLE 1 

rill 
~ h o l e ' B o d y  Dose in Rems f o r  Inhalation and Ingestion of Tri t ium a 

Accident Case Distance f rom Flaring Case I '  j i zp td l  Dose f o r  
Daytime Nightime Source . Daytime Nightime1 11 a y  Flar ing Operation - I 

* t ~  ir Inhalation 5 k m  9 -Y- " 2- 2 x  4,3AK- 
' " 6 x 1 0 " ~  

1 --I (12 llrs a t  higheat -6 ' 

concentration) 7~ l ow6  2X 10 l 5 h  5 X l @ ] : x l ~ - 7  " Z X  
t Z X  2 X  , 

- I -  

Dry Deposition 5 km , - ..lq 
8 _ _ - 3X loe2 

(via forage-cow- 
milk food chain) t t  4 x l oo2  l~(&?-;) 3 X 1 ~ - 3  - ' 

t Dry Deposition l c z  1 0- . - 5 'kin 6 x 6 x z x  
(via soil- root 
food chain)** 3 X  7 X  loo4  15 k m  2 x 6 x lo-' 6~ 

*SS 
Self -Induced [:c;i 1 
Rainout -... , 2 krn 0.36 
(via foraae  

-Cowit. milk food chain) 

7 3 4 
per  day (ICRP) 

) . t t  ~g et a1. -- pathway 

with modification (aes  text) 

,*** Knox;--J;- 
? --- 



TABLE 11 

Summary of the Upper Limit Risk to 1000 People Due to the 
i t  ** 

Exposure to 30 m r e m  in One Year 

I_Iq 
1nc.r ea s ed Naturally Occurring 

m ~ e a t h s  Due Deaths per  1000 

i \  - to =Radiation People 
\d 

First Generation 
t Genetic Death 5.4 l o m 3  200 

Adult &ukernia /"-I 6 x ~ o - ~  5 
/ .:, 

/G\ 
- 4  c, . 

Childhood Leukemia 2 X 1 0  . 0.023 
/J-J . ' , 3  -. 

Other Adult Ma1ignan.c~ ,---,I. 2 X 10 100 

Other Childhood Malignancy 
~C-J - 4  - 

:‘-3.9 X 10 0.023 
rO: j 

Non-Specific Life Shorteninp q2, i. Lx, lo-2 
( < +  1- 

Total for First Generation - 2$X;10m2 
(Non-Specific Shortening <:>I 
Plus (renetic Deaths) r: 

1 

Over All Time - 1 :-" 
Additional Genetic Deaths- 2 . 2 X  10 : 1 

-b 
Total Detriment Over Al l  Time 2.4 X 10 II 

\ I 

These are upper l imi t  r i sks ;  the lower limit r isks  c d be zero. * % 
Non-specific life shortening includes cancer deaths p1u~l;rfhother diseases 
and physiological p rocesses  leading to  death. 

I 

I I_; 

+* 
If exposure doe t o  the food chain were reduced by a p p r b e  measures  - 
and the p r imary  exposure were by  inhalation, then the dose y q u % @ \ O .  01 
mrern  and the above risk fac tor  would be reduced by a factor! bf 3000. 

t Id* 
1--- 

Genetic death refers to  the eventual elimination of a deleterious gene. 
This  would be  evidenced by abortion, stillbirth, pre-reproductive death 
ea r ly  embryoric death, lowered fertil i ty,  o r  sterility. A~~CHIVES 
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